Abstract-This dissertation proposal describes a study of interaction-based measures and their ability to predict cohesion within global software development projects. Messages were collected from six software development projects that involved students from different countries. The similarities and quantities of such interactions will be computed and analyzed. The tested measures will be analyzed at individual and group level. Similarly, content features based on communication categories, found in virtual learning teams, will be used to improve the identification of task cohesion level. Finally, temporal interaction similarity measures will be calculated to assess its prediction capabilities in a global setting.
I. INTRODUCTION
There are numerous benefits for companies who decide to create teams with members from different regions. These benefits include reduced costs, access to people with different skills, and closer proximity to local markets. Unfortunately, there are an equal number of drawbacks to using global teams. For example, cultural differences among team members can affect how groups communicate with one another; often resulting in a decrease in the amount of collaboration within the group. Also, different perceptions of time and its relationship to the task can affect overall group performance. Similarly, task coordination is generally much more difficult in distributed teams because current scheduling software may not be able to cope with the display of the working hours in different time zones.
Another important team process that is affected by conditions within a remote collaboration setting is group cohesion. Previous research has found that communication technology often delays the development of the group cohesion construct. As a result, global teams tend to have much lower group cohesion levels than co-located groups. One of the reasons that it is important to examine group cohesion levels is that research has shown that this construct seems to affect how a team deals with different obstacles during the development of a project. In addition, the relation between group cohesion and other constructs (e.g. trust) has been shown to have an relationship to team performance.
There have been a number of different approaches used to measure group cohesiveness; everything from the use of paper-based individual surveys to the more automatic process of following a team's communication trails. Both methods have shown the significance of looking at the cohesion construct at the team process level.
Following this line of work, this dissertation seeks to explore the collaboration, content, and temporal features of a team's communication as a way to predict cohesion levels within a global team. In particular, we have decided to focus on the analysis of collaboration, content and temporal features of communications within medium-sized global software development teams and use these features to measure the cohesion levels within a group.
II. MOTIVATION
The wide use of computer-based communication technology to support team collaborations, even co-located work teams, has given researchers the ability to track the interactions among participants. These interactions can be analyzed and sorted by quantity, content and time; and can provide a rich data source for describing how team's interact. Previous researchers have used this type of data to predict or describe a number of different group constructs such as leadership, cohesiveness, and group potency [1] , [2] . Also, the estimation of these constructs in real-time may be useful to team leaders or group supervisors.
Since most work-related interactions now use some type of electronic communication, it should be possible for a computer-based communication system to examine these interactions and provide some useful insights into which variables might affect cohesion levels within groups. Moreover, new methods for analyzing group communications with respect to their collaboration levels, content and temporal meanings should lead to more timely analyses of team processes.
III. PROBLEM DEFINITION
Since there exist some measures to estimate group cohesiveness in teams, we asked which of these and other factors tend to be better predictors of cohesion levels among global software teams. In this work we propose a method for integrating collaboration, contentbased features and temporal data into individual and group measures that can predict a team's cohesiveness within a global work unit.
In previous group behavior research, the quantity of messages has been linked to positive actions within a team and/or effective performance. Moreover, the use of content features has been used to describe other types of group behaviors such as trust, leadership, and agreement.
To a lesser degree, the use of temporal analysis has been shown to be an effective measure for evaluating team performance [3] . Using these studies as a starting point, our investigation will use data collected in a collaborative setting in which participants from different countries work together to complete a software development project. It is important to note that teams used in this analysis are new student groups which worked together for a few weeks.
IV. RESEARCH QUESTIONS
The main goal of this research is to investigate whether it is possible to improve the prediction of cohesion within groups by using a combination of collaboration, content, and temporal features to analyze group communication activities. More specifically, we seek to answer the following questions:
1) From existing collaboration measures, which approach is most effective at predicting cohesion levels within a global collaborative setting? 2) Can we augment cohesion prediction rates by adding content features to existing measures? 3) Which content features are more appropriate for describing a particular type of interaction? 4) Can we improve cohesion prediction by including temporal data to existing measures?
V. EXPERIMENTATION PROCEDURE

A. Participants
The data set that will be used in this work will be drawn from six student global software development projects that occurred between 2009 and 2015. Students who participated in these projects were enrolled in computer science or information technology courses at Universities in the US, Turkey, Panama, or Mexico. While each of the six projects contained some aspects related to the software development process, they often varied in terms of team size, team composition, length of project, and specific task.
B. Collaborative Platform
Students who participated in the six projects were asked to communicate with one another using some type of project management web application. These application platforms supported several collaborative tools including chat, forums, wikis, document sharing, etc. Moreover, the particular software application software was enhanced so that it recorded and timestamped all interactions among group members and transferred this information to a centralized database.
C. Collaboration Measures
The major objective of this research is to determine which factors are most predictive of a team's cohesiveness within a global software development context. This will be achieved by focusing on specific factors that tend to affect team cohesion. These factors were derived from the research literature [4] , and from smaller experiments that looked at some of the issues related to predicting the group constructs that will be discussed in this dissertation [2] , [5]. Below is a more complete discussion of the measures that will be used in the study and how they will be tested.
Cohesiveness is a construct that measures the degree to which team members are working together. Although some researchers have proposed capturing cohesiveness levels through a group-level survey (i.e., members complete a single survey while sitting together), a much more common, and easier, approach is to ask team members to complete individual questionnaires. The individual survey approach is also more appropriate within a virtual team context [6] , because members of the team are not colocated. Therefore, this research will focus on the prediction of group cohesion through an individual survey intended to capture an individual's perception of their team. The group cohesion measure will then be obtained by averaging individual students' responses to questions on the Task Cohesion section of the Group Environment Questionnaire (GEQ) [7] and the Cohesion section in the Collaborative Work Questionnaire (CWQ) [8] . In this work, the cohesion values obtained from these surveys will be called Task Cohesion. Since group cohesiveness is related to performance, group cohesion perceptions will be compared to project grade.
In order to determine which measures successfully predict task cohesion, we will perform a set of experiments, each dealing with a different variable or set of variables that capture a team's collaboration activities. We believe there are four major collaboration measures: reply similarity, information exchange, density, and Linguistic Similarity measures (LSM). Each of these measures will be examined at both the individual and group levels. The reason we will begin with these particular measures is because they have been studied in previous research and have been found to have some affect on the cohesion construct. Thus, we intend to see if these same variables have similar effects on our global software learning teams.
In the projects analyzed for this particular research, participants mainly used a forum tool or a group chat. Using data extracted from the forum and chat exchanges, we represented reply behavior by creating counts that reflected when a message was delivered to one specific participant (i.e., the last participant in the communication). This give us the possibility to create directed graphs as shown in Figure 1 , which represents a group's interaction. In this particular figure, the vertices represent the different team members, and the edges represent the number of messages replied to another team member.
After creating reply graphs for each team and project, we then used the graphs to calculate Individual Density and Reply Similarity measures for each individual.
Density is generally considered to be a group measure [9] that is used to describe the degree of interconnectedness among group members. Since all of our other measures were defined at the individual level, we decided to re-define the density factor to represent density at an individual level as shown in the following equation:
Where the Individual density of a team participant (D i ) is a count of the number of persons who the participant interacted with (actual links i ) over the number of people in the rest of the team (possible links).
We also used the reply graphs, as shown in Figure 1 , to develop a measure that was designed to capture the similarity among team member's reply-to-message behavior. Thus, we used a measure proposed by [5] as a way to predict individual task cohesion. The formula produces a value between 0 and 1. This calculation is called Reply similarity. This measure was introduced with the assumption that people view their group's cohesiveness as being a combination of their own participation as well as others.
The Linguistic Style Matching measure, also abbreviated LSM, was designed to determine the degree to which any two samples of language are similar in their language styles. Its use as a cohesion measure was proposed by [4] .
Another measure that was used to characterize individual cohesion was the amount of information exchanged among team participants. For this study, we defined an Information exchange similarity measure that was calculated by simply counting the number of words typed by each participant, with the assumption that these words were being transmitted to every other team member in the group (i.e. each word in each message is perceived as some type of participatory exchange). This calculation was computed as follows:
Where wc i and wc j are the number of words used by user i and j, respectively.
As previously stated, this research will begin by looking at the relative strength of each of the four collaboration variables to predict task cohesion. This will be done at both the individual, and/or where appropriate, the group level. Once this is complete, we will then select the variables that seem most able to predict task cohesion, and then see whether other variables can improve the prediction capabilities.
D. Content Measures
In addition to the nine linguistic categories discussed in [4] , studies have discovered that other word categories have had an effect on a person's perception of a group's task cohesion. For example, previous research [10] has found that the word categories of Contribution, Seeking input, Reflection, Social and Planning can affect team performance. Similarly, words associated with social content also seem to influence the level of trust among team members, as well as create a more pleasant environment within a team. Although these word categories may not have a direct effect on task cohesion, it is natural to assume that they may have some indirect effect on task cohesion; for example, the absence of social behavior may result in a decrease in task cohesion.
Therefore, we propose to examine the relationship between task cohesion and the following content categories:
• Social: those messages in which at least 50% of the words contain social-related words according to the LIWC tool 1 .
• Planning: those messages which contain verbs, nouns and dates related to organizing the project development.
• Work: those messages that contain information about the project. Borrowing from the original research [11] , the work category will include words related to Contributions and Seeking input labels. The Reflection category, which was also included in the original research, will not be included in this dissertation, since other studies found that students' messages related to reflection are extremely rare.
Once the messages are placed into their appropriate content categories, we will calculate the reply similarity for each of those categories: social reply similarity, planing reply similarity and work reply similarity.
E. Temporal Measures
Another way to examine the recorded data from software development groups is by analyzing the time spent in participating in paired communication synchrony. The two measures that capture this type of communication are pacing and coherence.
The Pacing measure will be defined as the average number of seconds between messages from the same user. We will then compute a pacing similarity score for each member by comparing the pacing score of user i to every other team member's pacing score, one at a time. These paired scores will then be averaged into an individual pacing similarity score.
The second temporal measure deals with the synchrony of messages sent between two individuals; where the messages from each user are defined as a time series, and then these frequencies are then compared to one another, one at a time [12] . This will give us a vector of coherence values (each value represents coherence in a specific frequency) between two subjects. To provide a unique temporal coherence value between two individuals, we will take the highest coherence score. Finally, for each participant in a team, we will calculate the coherence with the rest of the team members and average those scores. This measure will be called Temporal participation. 
Model
Variables
VI. EXPERIMENTS
Using the previous metrics, we propose three sets of experiments: 1) A comparison of the relationships between the collaboration measures and Task cohesion, 2) The assessment of the performance of content-based similarity features in the prediction of Individual Task cohesion, and 3) The assessment of the performance of temporal features for predicting Task cohesion (TC).
In the first experiment, we plan to use three measures based on previous works: Linguistic Style Matching (LSM), Individual density (ID) and Reply similarity (RS). We also propose an extension of one of them: Reply similarity + Information Exchange (RS+IE). As can be seen in Table I , all the models will be controlled by team size (ts) and individual skill level (isl) which will be measured as the participant's GPA. All the models will be tested using a linear regression to identify their relation to Task cohesion.
We will also analyze the same set of variables at the group level by using Group LSM, Density, and Group Reply similarity, and Group Reply similarity + Group Information exchange.
In the second experiment, we will assume that Reply similarity + Information exchange model will be a significant factor to predict task cohesion. However, we believe that not all messages are relevant to cohesion prediction. So, we propose splitting the Reply similarity feature into three content measures: Social reply similarity (SRS), Work reply similarity (WRS), and Planning reply similarity (PRS). This particular model is presented as the Content model in Table II. In the third experiment, we will analyze team interaction by adding temporal data into the Reply similarity + Information exchange model. Thus, we propose including Temporal participation (TP) and Pacing Similarity (PS) measures in the next proposed model.The model is presented as Temporal model in Table II. Results obtained from these experiments should help clarify which particular variables have strong relationships to task cohesion.
